H and 13 C{ 1 H} NMR spectra were recorded on a Bruker Avance 300 MHz spectrometer. Chemical shifts (δ) are given in parts per million and referenced to the residual solvent signal. 1 Elemental Analysis was performed by Atlantic Microlab, Norcross, GA. Melting points were taken on a Mel-Temp II melting point apparatus. Column chromatography was performed on an Isco Combiflash system using Silicycle 60 silica gel. All commercial reagents were obtained from Aldrich and used as received unless otherwise noted. CH 3 CN was taken from a solvent system, in which the solvent is passed through a column of activated molecular sieves.
II. Hydrogen Peroxide Detection and Disproportionation

A. Attempted Detection of H 2 O 2
Literature procedures for the spectrophotometric detection of H 2 O 2 as a peroxotitanyl species 2 were employed to test for the presence of H 2 O 2 in the catalytic reaction mixtures.
No evidence for H 2 O 2 was obtained. Similar procedures have been used previously to detect H 2 O 2 production from reaction mixtures involving O 2 reduction by Cu complexes. 3 In our experiments, 5 mL of a 0.2 M solution of benzyl alcohol was oxidized under standard conditions (10 mM Cu(MeCN) 4 OTf, 10 mM bpy, 10 mM TEMPO, 20 mM NMI) with 1 atm O 2 . After 5 min, a 2 mL aliquot was removed, and the reaction was quenched by addition of H 2 O (2 mL). Organics were extracted into EtOAc (4 mL). Addition of an aqueous solution of Ti IV -oxysulfate to the Cu-containing aqueous layer led to no changes in the UV-visible spectrum. Spiking this mixture with known amounts of H 2 O 2 led to rapid bubble formation and no evidence of H 2 O 2 by UV-visible spectroscopy, suggesting the Cu species in the aqueous layer rapidly disproportionates H 2 O 2 . Similar results were obtained when an aliquot was analyzed from the mixture after full conversion of alcohol.
B. Hydrogen Peroxide Disproportion by Manometry
3 mL of a 0.2 M solution of benzyl alcohol was oxidized under standard reaction conditions (10 mM Cu(MeCN) 4 OTf, 10 mM bpy, 10 mM TEMPO, 20 mM NMI, 600 torr O 2 ) while monitoring pressure in a multiwell manometry apparatus. After ~5 min, 100, 150, and 200 µL of a 0.95 M solution of hydrogen peroxide (5-10 equiv. relative to copper) in water were injected into three separate wells. The original hydrogen peroxide solution concentration was determined via redox titration using KMnO 4 . 4 Disproportion was observed by an increase in pressure (O 2 evolution). The amount of gas produced corresponded to >90% of the theoretical O 2 production from H 2 O 2 disproportionation in all three cases. In all cases, the rate of O 2 uptake decreased after addition of the solution, presumably owing to the slight inhibition of the reaction by water. A control reaction in which water (200 µL) was injected instead of H 2 O 2 showed a similar decrease in rate, but no O 2 evolution. Adding 100 µL of a 0.95 M solution of hydrogen peroxide to a reaction mixture after the reaction was complete similarly led to evolution of ~ 47 µmol of gas.
Figure S1. Disproportionation of H 2 O 2 by Cu catalyst during turnover. The decrease in O 2 consumed at ~8 min corresponds to gas evolution arising from H 2 O 2 disproportionation.
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III. Methods for ReactIR Kinetic Measurements
General Method for ReactIR Kinetic Measurements. A three-neck flask containing alcohol (0.5 mmol) in MeCN (2.0 mL) and a stir bar was secured in a temperature controlled bath at 27 °C. Two necks were fitted with septa, one holding an air or O 2 balloon attached to a syringe. The third neck was used for the IR dip probe (Mettler Toledo ReactIR ic10 with an AgX probe). A full spectrum was collected every 15 seconds. The reaction was initiated after beginning data collection by adding a solution of catalyst. 
A. Method for Data Presented in Figure 2 (in the manuscript
B. Anaerobic ReactIR Reaction of Cu II -catalyzed Alcohol Oxidation in the Absence and Presence of TEMPO.
Using the general method above, the reaction apparatus was purged with N 2 , and the N 2 atmosphere was maintained throughout the reaction until t ~ 50 min, when the N 2 inlet was replaced with an O 2 balloon. A solution of PhCH 2 OH (100 mL of a 5 M solution) was added to 1.9 mL of MeCN. The catalyst components were added sequentially as follows: 
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C. Methods for the Acquisition of IR Data Presented in Figure 4 . The oxidant consists of either (1) the Cu/TEMPO catalyst system under 500 torr O 2 (0.5 mL of 50 mM Cu, 50 mM bpy, 50 mM TEMPO, and 100 mM NMI) or (2) the stoichiometric oxoammonium salt (0.5 mL of 1.0 M solution in MeCN). The oxoammonium salt, 2,2,6,6tetramethylpiperidin-1-oxoammonium trifluoromethane sulfonate (TEMPO + OTf -) was prepared by modifications of literature methods. 5 Trifluoromethane sulfonic acid (0.5 mL, 5.7 mmol) was added dropwise to a solution of TEMPO (916.7 mg, 5.9 mmol) in ether (3 mL) at 0 °C. After allowing the mixture to stir for 15 min, commercial bleach, (4 mL) was added dropwise. The reaction was allowed to stir for an additional 30 min at 0 °C, then the yellow precipitate was filtered and washed with ice cold 5% NaHCO 3 ( 
IV. EPR Measurements for Cu II /TEMPO• Interactions
Methods for EPR Spectroscopy EPR spectra were recorded for frozen solutions in quartz tubes on a Bruker EleXsys E500 spectrometer at 150 K under non-saturating conditions. Spin quantitation was performed by baseline-corrected double integration of spectra relative to calibration curves using either Cu(OTf) 2 or TEMPO standards. Stock solutions of a 1:1:2 mixture of Cu(OTf) 2 :bpy:NMI were mixed with solutions of TEMPO in acetonitrile and EPR spectra were acquired. Figure S3 . Addition of TEMPO to a solution of Cu(OTf) 2 with bpy and NMI shows no evidence of electron transfer or antiferromagnetic coupling between the unpaired electrons. Conditions: 10 mM Cu(OTf) 2 , 10 mM bpy, 20 mM NMI in acetonitrile, spectra acquired at 150K. The difference spectrum is isotropic with g ~ 2.0. 
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V. Electrochemical Methods and Cyclic Voltammograms (Figure S4)
Cyclic voltammograms (CV) were acquired at 100 mV s -1 . In all cases the Cu I /Cu II couples were not fully reversible at scan rates from 10-500 mV/s. At 100 mV/s scan rate, clean cathodic potentials were obtained. The reaction components were added under a flow of nitrogen to a 0.3 M LiClO 4 solution in MeCN. 
VI. General Methods for UV-Visible and EPR Spectroscopic Time Course Measurements (Figures S5-S6).
Reaction Procedure. The alcohol substrate (PhCH 2 OH or CyCH 2 OH) (6.0 mmol) was injected into a 100 mL three-neck flask under one atmosphere of O 2 at room temperature containing 0.30 mmol Cu(OTf)(MeCN) 4 , 0.30 mmol bpy, 0.60 mmol NMI, 0.30 mmol TEMPO in 30 mL of MeCN. Actual quantities varied somewhat from these theoretic quantities, as specified in Table S2 . The reaction was monitored in situ with a UV-visible dip probe. Aliquots (0.5 mL each) were removed and flash frozen in liquid nitrogen for EPR analysis, and 0.1 mL aliquots were removed, diluted with EtOAc and filtered through silica for GC analysis. Instrumentation. EPR spectra were recorded on a Bruker EleXsys E500 spectrometer at 150K under non-saturating conditions. Spin quantitation was performed by baselinecorrected double integration of spectra relative to calibration curves using either Cu(OTf) 2 or TEMPO standards. UV-visible spectra were acquired using a Blue-Wave spectrometer system with a fiber optic dip probe from StellarNet. Gas chromatographic analyses were performed on a Shimadzu GC-2010 Plus gas chromatograph with a Restek RTX-5 (15 m) column and referenced to a trimethoxybenzene internal standard. 
VII. General Method for Gas Uptake Kinetic Measurements (Data for Figure 7).
Each set of data was collected using a 6-well gas uptake apparatus which holds individually calibrated 50 mL round bottom flasks, each connected to a pressure transducer designed to measure the gas pressure within each sealed reaction vessel. 6 Five vessels contained various reaction mixtures, and the sixth well used as a solvent control for variations in pressure. The apparatus was evacuated and filled with O 2 to 800 torr three times. The pressure was established at 500 torr and the flasks heated to 27 °C. A solution of alcohol was added via syringe through a septum, and the pressure and temperature allowed to equilibrate. When the pressure (approximately 600 torr) and temperature (27 °C) stabilized, a solution of catalyst was added via syringe through a septum. Details for the alcohol and catalyst solutions used in each experiment are below. Data were acquired using custom software written within LabVIEW (National Instruments). The data in Figure 7 in the manuscript were obtained from linear fits to early reaction times of the time course traces below. Error bars shown are 2x the standard deviation of the rate acquired from three independent experiments.
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A. Benzyl Alcohol Oxidation -Dependence on pO 2 Table S3 . Reaction components for the catalytic oxidation of benzyl alcohol with varying pressures of O 2 measured by gas uptake. Figure S8 . Time course data for the catalytic oxidation of benzyl alcohol with varying concentrations of (bpy)Cu measured by gas uptake as described above. The slope of the linear fit to the early timepoints yielded the initial rates used in Figure 7A '. S13 Figure S12 . Time course data for the catalytic oxidation of cyclohexylmethanol with varying concentrations of (bpy)Cu measured by gas uptake as described above. Figure 7C '.
F. Cyclohexylmethanol Oxidation -Dependence on [(bpy)Cu]
H. Cyclohexylmethanol Oxidation -Dependence on [TEMPO]
Table S10. Reaction components for the catalytic oxidation of cyclohexylmethanol with varying concentrations of TEMPO measured by gas uptake. Figure 7D '.
I. Test for Mass Transport Limitations.
A dependence on catalyst is observed at catalyst concentrations greater than those used in this study. [NMI] (mM) S17
VIII. Methods for Determination of Kinetic Isotope Effects. A. Synthesis and Characterization of Deuterium Labeled Alcohols.
Representative Procedure for the Synthesis of Deuterium Labeled Alcohols. A solution of either carboxylic acid or aldehyde (2.5 mmol) in THF (150 mL) was cooled to 0 °C under N 2 . LiAlD 4 (~0.5 g, 12 mmol) was added portionwise over 1h. The reaction was allowed to warm to room temperature overnight with stirring. The mixture was then cooled to 0 °C and quenched with the careful addition of ethyl acetate (~ 100 mL), and water (~ 150 mL). The layers were separated, and the aqueous layer extracted with EtOAc (2 x 100 mL). The combined organic layers were washed with brine, dried over Na 2 SO 4 , and the solvent evaporated. The crude material was purified by silica column chromatography (gradient elution of EtOAc in Hexanes). Characterization data is given below.
Benzyl alcohol-d 2 .
The title compound was obtained in 60% yield (326 mg, 3.96 mmol) with > 95% enrichment (by 1 H NMR spectroscopy; see below) as a colorless oil according to the general method from benzoic acid and LiAlD 4. Spectral parameters are consistent with literature values. 7 Figure S17 . 1 
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Cyclohexylmethanol-d 1 . The title compound was obtained in 98% (790 mg, 6.86 mmol) with > 95% enrichment (by 1 H NMR spectroscopy below) as a colorless oil according to the general method from cyclohexane carbaldehyde and LiAlD 4. Spectral parameters are consistent with literature values. 8 Figure S20 . 1 H NMR spectrum of cyclohexylmethanol-d 1 in CDCl 3 at 300 MHz.
B. Representative Procedures for the Measurement of Kinetic Isotope Effects Using Copper Catalyst.
Intramolecular competition (cf . Table 2A ). To a solution of CyCHDOH (26.1 mg, 0.22 mmol) in MeCN (1.25 mL) in a 16 mm culture tube with a stirbar was added a solution of Cu I (OTf) (9.4 mg, 0.025 mmo), bpy (4 mg, 0.025 mmol), TEMPO (4 mg, 0.025 mmol), and NMI (4 µL, 0.05 mmol) in MeCN (1.25 mL). The reaction mixture was allowed to stir open to air at room temperature until no starting material remained as determined by TLC. The crude reaction was filtered through a silica plug with EtOAc, the solvent removed by evaporation (in many cases, some solvent remained to avoid evaporation of any aldehyde products) and a 1 H NMR spectrum of the reaction mixture was acquired to determine the ratio of products. Spectral integrations are provided below (Tables S11, S14).
Independent rate measurements (cf. Table 2B
). Each set of data was collected using the 6-well gas uptake apparatus described above. Alcohol (0.50 mmol) was weighed directly into the reaction vessel and MeCN (2.0 mL) was added via syringe through a septum, and the pressure and temperature allowed to equilibrate. When the pressure (approximately 600 torr) and temperature (27 °C) stabilized, 0.5 mL of a solution of catalyst (0.1 M Cu I OTf, 0.1 M bpy, 0.1 M TEMPO, 0.2 M NMI in 0.5 mL MeCN) was added via syringe through a septum. Data were collected every 5 seconds and the rate was determined from a linear fit to the early time points ( Figures S20, S22 and Tables S12, S15).
Intermolecular competition (cf. 
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catalyst mixture, 0.5 mL aliquots were removed over the course of the reaction. Each aliquot was filtered through a silica plug with EtOAc, the solvent removed by evaporation (in many cases, some solvent remained to avoid evaporation of any aldehyde products) and a 1 H NMR spectrum of the reaction mixture was acquired to determine the ratio of products. Representative spectra and spectral integrations are provided below (Figures S21,  S23 and Tables S13, S16 ).
Benzyl Alcohol
1a. Intramolecular Competition Experiments (cf. Table S11 . . Table 2B )
The k H /k D does not vary at different alcohol concentrations ( Figure S16 ) Scheme 3B and Table  S14 . 
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IX. Hammett Correlations
A. Comparison of Independent Rates (cf. Figure 9A) Data was collected using the 6-well gas uptake apparatus described above. A solution of alcohol (1 mL, 0.5 M) and MeCN (1.0 mL) was added to the reaction vessel via syringe through a septum, and the pressure and temperature allowed to equilibrate. When the pressure (approximately 600 torr) and temperature (27 °C 
B. Competition Hammett Correlation (cf. Figure 9B)
To a 1:1 mixture of benzyl alcohol (0.50 mmol) and para-substituted benzyl alcohol (0.50 mmol) in MeCN (4 mL) in a 20 mm culture tube was added a solution of Cu I (OTf) (18.7 mg, 0.05 mmol), bpy (7.8 mg, 0.05 mmol), TEMPO (8.1 mg, 0.05 mmol), and NMI (8 µL, 0.1 mmol) in MeCN (1.0 mL). After addition of the catalyst mixture, 0.5 mL aliquots were removed over the course of the reaction. Each aliquot was filtered through a silica plug with EtOAc, the solvent removed by evaporation (in many cases, some solvent remained to avoid evaporation of any aldehyde products) and a 1 H NMR spectrum of the reaction mixture was acquired to determine the ratio of products. A representative spectrum ( Figure  S25 ) with integrations is shown below. Figure S26 . Representative 1 H NMR spectrum of the reaction mixture from the oxidation of benzyl alcohol + para -NO 2 benzyl alcohol with Cu/TEMPO. 
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X. Derivation of Rate Laws
Rate Law Derivation for Equation 3: Catalyst Oxidation
